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E-mail address: daniela.guzzon@unipd.it (D. GuzzoThe effect of visual experience is usually investigated through active (task dependent) training in a dis-
crimination task. In contrast, the current work explored the psychophysical and electrophysiological cor-
relates of passive (task independent) visual experience in texture segmentation by using an inattentional
blindness-like paradigm (Mack et al., 1992). The psychophysical and electrophysiological responses to a
segmented line-texture bar, with texture elements oriented either congruently (parallel) or noncongru-
ently (orthogonal) to bar orientation, were collected after both short and long passive experience, with
the texture presented on the background while subjects performed a primary task.
Subjects were not able to distinguish the orientation of the bar (psychophysical results) after either
short or long passive experience. However, the short experience produced an electrophysiological
correlate of texture segmentation (N150), and the amplitude of this component was greater for the
parallel bar, demonstrating that it reﬂected not simply local orientation discontinuities but also texture
boundary–surface orientation congruency. This conﬁgurational effect in texture segmentation, which
occurred without awareness during passive viewing, disappeared when the subjects had previously dis-
criminated the orientation of the bar and when experience was lengthened, probably as a consequence of
adaptation. Our study provides the ﬁrst ERP evidence that boundary–surface relations are available dur-
ing short passive visual experiences of very salient texture images and are suppressed by long experience,
probably because of adaptation.
 2011 Elsevier Ltd. All rights reserved.1. Introduction
Visual experience and task demands are thought to be inti-
mately related and mutually interactive. Recent works demon-
strated that in low-level vision, visual experience allows the
conveying of top-down information regarding the task instruction
to set the cortex at a state that enables analysis of the stimulus in a
fashion relevant to the task (Li, Piëch, & Gilbert, 2004).
The effect of active (task dependent) experience in detection and
discrimination tasks has often been investigated in studies that used
texture-deﬁned stimuli (Ahissar &Hochstein, 1996, 1997; Campana
& Casco, 2003; Grieco, Casco, & Roncato, 2006; Karni & Sagi, 1991).
They showed that active training produces perceptual learning
speciﬁc to the segmented texture features for the trained eye and
for the retinal position (i.e., it does not transfer to the eye or retinal
position different from the one trained). Electrophysiological corre-
lates of the active experience with visual textures were also found.
For example, Casco et al. (2004) found that long active experience
reduced the interference that local incongruent orientation pro-
duces on the discrimination of the global orientation, and this was
reﬂected in a modulation of Visual Evoked Potentials (VEPs)ll rights reserved.
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.
n).amplitude. Two recent works (Censor et al., 2009; Pourtois et al.,
2008) also showed that an early VEP correlated with the psycho-
physical effect of learning a texture discrimination task, and
provided direct electrophysiological evidence further supporting
the role of early visual areas in learning texture segmentation.
The way passive experience (or task independent—that is, with
the subject not involved in either a texture detection or discrimina-
tion task) modulates VEPs has not been determined yet. The reason
is that there is no agreement on whether during passive viewing,
when observers are not asked to report the attributes of the texture
images, these images are perceived. The conclusion that textures
are not perceived in passive viewing is based on the psychophysi-
cal results of studies that used the ‘‘inattentional blindness’’ para-
digm (Casco et al., 2005; Mack & Rock, 1998; Mack et al., 1992;
Rock et al., 1992; Scholte et al., 2006). In the classical psychophys-
ical version of this paradigm, participants were asked, in the ﬁrst
two trials, to report a property of a noncritical stimulus presented
with an unsegmented texture on the background. On the third
trial, the texture was segmented into subregions (critical stimulus),
and subjects were queried about them, immediately following the
question on the noncritical stimulus. Under such conditions, most
participants could neither detect the texture regions nor report the
grouping by similarity of texture elements (Mack & Rock, 1998).
The authors concluded that textures were not perceived without
task-driven attention to them. This conclusion contradicts our
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ceive very salient texture images. Textures regions that segment
from the background with large features gradient are effortlessly
and automatically perceived by human observers (Beck, 1993;
Bergen & Julesz, 1983; Braun & Sagi, 1990; Julesz, 1981, 1986;
Malik & Perona, 1990; Nothdurft, 1992, 1993; Wolfe, 1992).
Recordings in macaque V1 and many recent EEG, fMRI, and MEG
studies in humans, have indeed demonstrated neural correlates
of texture segmentation in passive viewing. These neural correlates
of the passively viewed textures are obtained either with attention
allocated to a primary task unrelated to texture segmentation
(Appelbaum & Norcia, 2009; Casco et al., 2005; Heinrich, Andres,
& Bach, 2007; Kastner, De Weerd, & Ungerleider, 2000; Schira
et al., 2004; Scholte et al., 2006; Schubö, Meinecke, & Schröger,
2001), or in truly passive viewing, with attention neither with-
drawn by the primary task nor engaged in a texture discrimination
task (Bach & Meigen, 1992, 1997, 1999; Fahle et al., 2003; Lamme,
Van Dijk, & Spekreijse, 1992). These studies showed a neural corre-
late of texture segmentation during passive viewing of very salient
images deﬁned by discontinuities of large features. In particular,
some of them showed this correlate in the absence of visual
awareness (Casco et al., 2005; Fahrenfort, Scholte, & Lamme,
2007; Scholte et al., 2006; Schubö, Meinecke, & Schröger, 2001).
Schubö, Meinecke, and Schröger (2001) found two VEP compo-
nents that were sensitive to texture segmentation, despite the fact
that no overt response to the texture could be given. In Casco
et al.’s (2005) study, subjects passively viewed a texture bar while
executing a noncritical task. They failed to report the orientation of
the bar. However, this same salient ﬁgure, viewed under the same
inattentional blindness conditions, elicited a VEP component ear-
lier than that found by Schubö, Meinecke, and Schröger (2001)
and speciﬁcally reﬂected texture segmentation. Scholte et al.
(2006) found a signiﬁcant difference in MEG response elicited with
segregated and nonsegregated textures, that did not depend on
whether subjects were informed about the presence of the textures
while simultaneously performing a foveal task. Fahrenfort, Scholte,
and Lamme (2007) found that, if background masking prevent the
stimulus to be seen and subjects performance is at chance, extras-
triate areas are still activated.
These results suggest that a neural response to the passively
viewed textures can be found in the absence of a psychophysical
correlate of this response. The crucial point is that the difference
between neural (present) and psychophysical response (absent)
is obtained even though the amount of attentional resources en-
gaged by the segmentation processes are matched by the identical
primary and secondary tasks. One possible explanation for the dif-
ference between the psychophysical and neural response is that
although the texture is processed, observers are not aware of the
properties of the textures that the psychophysical task asks them
to report (Lamme, 2003; Schubö, Meinecke, & Schröger, 2001). This
argument leads to the hypothesis that whereas the response to the
psychophysical task shows whether subjects are aware of what
they have perceived under conditions of passive viewing, the
methods designed to show the neural correlates measure instead
what is processed under the same conditions of passive viewing
either with or without awareness (Scholte et al., 2006). It may be
that in passive viewing, the output of the texture segmentation
process that is still picked up, is not propagated to reach awareness
(Lamme & Roelfsema, 2000; Lamme et al., 2000).
Although many authors would agree with the claim that
textures can be processed in passive viewing without awareness
(Casco et al., 2005; Scholte et al., 2006; Schubö, Meinecke, &
Schröger, 2001), they would deny that more than local orientation
discontinuities in texture images can be processed in passive view-
ing. Neurophysiological ﬁndings indeed oppose two different
aspects of texture processing. A large number of studies on texturesegmentation in animals showed that the response to the orienta-
tion gradient leading to detection of texture boundaries may occur
in passive viewing, without visual awareness, on the bases of feed-
forward processes (Lamme, Rodriguez-Rodriguez, & Spekreijse,
1999; Lamme, Zipser, & Spekreijse, 1998; Lamme et al., 2000;
Nothdurft, Gallant, & Van Essen, 1999). Boundary–surface relation-
ships, leading to the segmentation of the texture ﬁgures from the
background, are thought instead to be explicitly available only in
the last phase of texture processing, which is thought to result
from horizontal connections within V1 in combination with feed-
back from extrastriate areas conveyed by the task (Lamme, Rodri-
guez-Rodriguez, & Spekreijse, 1999; Roelfsema, 2006; Roelfsema
et al., 2002) and to involve observers’ awareness (Lamme, Zipser,
& Spekreijse, 1998).
The results of most human studies, but not all (Appelbaum
et al., 2006; Schira et al., 2004), generally agree that in passive
viewing, in the absence of awareness, feedforward processing of
the texture does not allow one to code ﬁgure-ground relations
(Appelbaum & Norcia, 2009; Fahrenfort, Scholte, & Lamme, 2007,
2008; Heinen, Jolij, & Lamme, 2005; Scholte et al., 2008; Straube,
Grimsen, & Fahle, 2010). However, most of these studies have
investigated the processing of ﬁgure-ground relations using the
ﬁgure minus no-ﬁgure subtraction procedure. In the present study,
we used a more direct way to investigate whether ﬁgure-ground
relations can be processed in passive viewing. In addition to the
use of the subtraction procedure, we asked whether the congru-
ency between local orientation in the ﬁgure surface and global ori-
entation of the boundary are available in passive viewing. We
assume that congruency of the local orientation in the texture ﬁg-
ure can modulate the perceptual and neural response to the ﬁgure
boundary only if this boundary surface relation is available.
The availability of the boundary surface relations in passive
viewing should be assumed to ask our main question (i.e., whether
and how VEP correlates of texture segmentation are modulated by
passive visual experience with the texture). We have previously
shown that when experience was active, with the subject engaged
in an orientation discrimination task, the long practice with the
task produced VEP modulation, reﬂecting a suppression of bound-
ary surface incongruency (Casco et al., 2004). Based on this evi-
dence, we asked whether a kind of suppressive mechanism could
also operate with long passive experience to suppress the congru-
ent boundary surface relationship.
In summary, by using the inattentional blindness paradigm
and comparing the psychophysical and electrophysiological re-
sponse with short and long experiences, the following questions
have been addressed in the present study. First, we asked
whether, during passive viewing, not only local orientation dis-
continuities but also boundary–surface relations are available to
the visual system and whether they are reﬂected differently in
the corresponding VEP correlates. If so, we asked whether the
subjects are aware of the boundary–surface relationship passively
perceived. We assumed that if subject response is random, the
subject is not aware. Most importantly, we aimed at studying
whether long passive experiences selectively suppress, as active
experience does, this boundary–surface relationship. In this case,
the conﬁgurational effect on the VEP correlates should disappear,
even if the difference between uniform and segmented VEPs may
be preserved.2. Materials and methods
2.1. Subjects
Three groups of 92, 71, and 70 observers participated in three
psychophysical experiments (experiments 1a, 1b, and 1c). Two
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Potentials (ERPs) experiments: one group in experiment 2 and
one in the control experiment (experiment 3). All subjects, volun-
teers, were 20–30 years of age and were selected on the basis of
normal visual acuity and absence of astigmatism. Experiments
were conducted in accordance with the Declaration of Helsinki
and after approval from the human subject review board of the
University of Padova.
2.2. Stimuli
Stimuli (Fig. 1b and c) were generated by a PC, displayed on a
1500 color monitor (640  480 with square pixel 2.7  2.7 min arc
and 70 Hz vertical refresh), and viewed through a 16 diameter cir-
cular aperture from a distance of 57 cm in a darkened room. Tex-
tures were composed of white line elements 19  2.7 min arc,
arranged on a diamond raster with raster step of 30.5 min arc with
line position jittered around its raster center by 0–2.7 min arc. In
all experiments, textured stimuli consisted of uniform textures or
of texture bars (see Fig. 1a–c, respectively), oriented 45 either
rightward or leftward, with texture elements orientation inside
the bar either congruent (parallel, see Fig. 1b) or incongruent
(orthogonal, see Fig. 1c) to the bar orientation. The local orienta-
tion contrast at bar border was kept constant at 45. The width,
as deﬁned by the distance between the two background elements
at the corresponding position of the borders, was ﬁxed.
Textures were presented on a dark background (0.6 cd/m2) with
either a ﬁxation dot or a digit at the center of the monitor. The
look-up table was set in such a way that the space average lumi-
nance of the texture was matched (11.5 cd/m2) for vertical
(56 cd/m2) and for both, 45 and 135 (86 cd/m2), orientation of
the texture elements.
2.3. General experimental design
In all experiments, each trial consisted of two images: a uniform
texture region and a segmented texture bar. Each of the two
images was presented for 840 ms with no interval between them.
After a sequence of three trials on average with no delay, which
was perceived as a texture bar appearing and disappearing from
the uniform background, the monitor remained dark until the re-
sponse was given regarding whether the number on the center of
the bar was even or odd (texture passively viewed) or (in the last
trial of experiment 1 and in block 1 of experiment 3) whether
the bar was tilted left or right (active viewing). The observer’s
response restarted the trial sequence after 2000 ms presentation
of the uniform texture.
In each block of trials, four stimulus conditions were randomly
interleaved: the texture bar was oriented right or left and was
parallel or orthogonal to its elements.Fig. 1. Illustration of the stimuli. Uniform texture (a) consisted of white vertical lines ele
discontinuities with respect to background lines, which segregated from a uniform ve
noncongruent (orthogonal) with texture edge orientation (c).2.3.1. Psychophysical design
In experiment 1, the texture was viewed passively in all trials
while observers performed the digit categorization and, in one sin-
gle and ﬁnal trial, they were unexpectedly asked to judge the ori-
entation of the texture bar. The three groups of subjects had
different lengths of passive experience with the bar because each
group gave this orientation judgment after a different number of
trials. One group participated at the baseline condition of experi-
ment (1a) and had to judge the orientation of the bar after a few
trials of passive viewing (the question was asked in one trial cho-
sen at random after ±32 trials on average); the second group had
short passive experience with the bar, and they judged the orienta-
tion of the bar in one trial chosen at random after ±192 trial on
average (experiment 1b). The last group had long passive experi-
ence, judging the orientation of the bar in one trial chosen at ran-
dom after ±382 trials on average (experiment 1c).
As observers had to perform a two-alternatives forced choice
task, they had 50% probability of giving either a correct or wrong
response. Thus, the chance level corresponds to 50% of subjects
answering ‘‘left’’ or ‘‘right’’. We used a v to establish whether the
percentage of subjects that responded correctly in each condition
differed signiﬁcantly from the chance level (50%).
2.3.2. ERPs design
In the main ERP experiment (experiment 2), the electrophysio-
logical activity was registered during two blocks of 192 trials. As in
experiment 1, in both blocks, the subjects passively viewed the
texture presented in the background while executing the digit cat-
egorization task.
In the control experiment (experiment 3), as in experiment 2,
ERPs were recorded during two blocks of 192 trials. A different
group of eight observers from those who had participated in exper-
iment 2 judged directly the orientation of the texture bar (active
viewing) in block 1 and viewed it passively in block 2.
Subjects were instructed to maintain muscle relaxation and to
avoid eye movements or blinks during ERPs registration. As the
duration of each of the two images in the trial was very long,
observers made very few errors (less than 2%) in both tasks.
2.3.2.1. Recording. Electroencephalographic activity (EEG) was re-
corded continuously from 24 scalp electrodes (O1/2, Oz, P3/4, P7/
8, Pz, CP1/2, CP5/6, T7/8, C3/4, Cz, FC1/2, F3/4, F7/8, Fz) using Sin-
tered Ag/AgCl ring scalp electrodes and BrainCap, labeled accord-
ing to the 10–20 International System (AEEGS, 1991). Data were
recorded with BrainVision Recorder (version 1.02) and the Quick-
Amp 72 ampliﬁer. The electroencephalographic signal was ﬁltered
online with a band-pass ﬁlter (0.1–70 Hz) and digitized at a sam-
pling of 250 Hz. The unipolar electrophysiological inputs were con-
ﬁgured as a reference ampliﬁer: all channels were ampliﬁed
against the average of all connected inputs. The ground electrodements. The segmented texture consisted of a texture bar, deﬁned by 45 orientation
rtical texture with local orientations that were either congruent (parallel) (b) or
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tained below 5 kX. Scalp electrooculogram (EOG) was also re-
corded bipolarly through four additional electrodes placed left
and right of the external canthi for horizontal eye movements
and above and below the right eye for blinks and vertical eye
movements. ERPs were constructed ofﬂine, according to stimulus
type with the BrainVision Analyzer (version 1.05). Epochs were
constructed starting 100 ms before stimulus onset and continuing
for 500 ms. Separate averages were computed for each stimulus
type (uniform, parallel, orthogonal). All amplitude values were re-
ferred to the 100 ms pre-stimulus baseline. Trials associated with
the response errors or contaminated by artifacts (eye blinks, eye
movements larger than 1, or muscle potentials) at any electrode
were excluded from the analysis. Moreover, trials were automati-
cally eliminated if the voltage in the epoch exceeded ±100 lV.
2.3.2.2. Data analysis. ‘‘Difference-waves’’ (D-waves) were obtained
by subtracting point-by-point the VEPs to uniform texture from
VEPs to segmented textures. The amplitude and latency of D-wave
components was quantiﬁed based on their peaks, determined from
the grand average of the D-waves. In experiment 2, the peaks of an
early (P100) and late (P300) positive D-wave components and of
the negative segmentation component (N150) were detected
respectively in the 50–130, 270–320, and 140–180 ms intervals.
In experiment 3, the peaks of the P100 and N150 components were
identiﬁed in the 50–120 and 145–175 ms intervals, respectively.
These slightly different time intervals for the same component in
the two experiments had to be used, as participants belonged to
different groups, to detect the same maximal peak.
Amplitude and latency of D-waves were analyzed separately for
each component, using repeated-measures ANOVAs with elec-
trodes (Oz, O1, O2), conﬁguration (parallel, orthogonal), and expe-
rience length (blocks 1 and 2) as main factors. Post hoc t-tests with
Bonferroni correction were used for pair-wise comparisons. The
Greenhouse–Geisser epsilon correction factor was applied where
appropriate to compensate for possible effects of nonsphericity in
the measurements compared.
3. Results
3.1. Experiment 1: psychophysical correlates of passive experience
As seen in the bar plots of Fig. 2, despite the long stimulus dura-
tion and regardless of the length of passive experience, the number
of subjects that gave a correct response on whether the bar wasFig. 2. The percentage of subjects answering correctly regarding the orientation of the
experiment 1a), 192 trials (the short experience condition: experiment 1b), or 382 trials o
differ from chance, either in the parallel or in the orthogonal conﬁguration.parallel or orthogonal did not differ signiﬁcantly: baseline
[v2(1) = 2.16; p = .14], short [v2(1) = 0.00; p = .96] and long experi-
ence condition [v2(1) = 0.17; p = .67]. Moreover the number of sub-
jects that answered correctly never differed signiﬁcantly from the
chance level (50%). The percentage of subjects responding correctly
in the parallel condition did not differ signiﬁcantly from the chance
level (50%) in the baseline [v2(1) = 0.04; p = .83], in either the short
[v2(1) = 0.44; p = .50] or long [v2(1) = 0.87; p = .35] experience con-
dition. Similarly, the percentage of subjects responding correctly in
the orthogonal condition did not differ signiﬁcantly from 50% in
the baseline [v2(1) = 1.59; p = .20], short [v2(1) = 0.27; p = .60], or
long [v2(1) = 0.24; p = .62] conditions. This indicates that, regard-
less of the length of passive experience, subjects were unaware
of texture bar orientation.
3.2. Experiment 2: electrophysiological correlates of passive experience
The VEPs and D-waves of uniform and segmented textures, par-
allel and orthogonal, were recorded at occipital sites, illustrated in
Fig. 3a and b. VEPs were characterized by two negative peaks at
about 100 and 170 ms and two positive peaks at around 120 and
250 ms. The VEPs of the parallel and orthogonal bar differed from
those elicited by the uniform texture, as revealed by the increased
amplitude of negative components and the reduced amplitude of
positive ones.
The ANOVA executed on the amplitude of the earliest compo-
nents (P100) of the D-waves (see Fig. 3b) reveals a signiﬁcant Expe-
rience  Conﬁguration interaction [F(1,7) = 9.58, p = .01]. Post hoc
comparison reveals, for the orthogonal conﬁguration only, a signif-
icant higher amplitude (p = .016) in block 2 than in block 1. As VEPs
in Fig. 3a demonstrate, this is because the early VEP deﬂection in
the orthogonal conﬁguration becomes, in block 2, more similar in
amplitude to that associated with the uniform texture.
The ANOVA on N150 peak reveals a principal effect of Elec-
trodes [F(2,14) = 7.57, p = .006], indicating that this component,
reﬂecting texture segmentation, had a greater amplitude in O1
than in O2 and in Oz. The signiﬁcant Experience  Electrode 
Conﬁguration interaction [F(2,14) = 4.1, p = .038] indicates that in
block 1, only the N150 has a smaller amplitude in the orthogonal
than in the parallel condition in both Oz (p = .014) and O2
(p = .011). Note that, unlike what we found with active experience
(Casco et al., 2004), this modulation is already present in block 1.
Long passive experience in block 2 reduces, in Oz, the amplitude
of the N150 for the parallel conﬁguration (p = .005). Thus, instead
of reducing the amplitude of this peak when it is elicited by thetexture bar when the question was asked after 32 trials (the baseline condition:
n average (the long experience condition: experiment 1c). These percentages do not
Fig. 3. (a) Parallel, orthogonal, and uniform VEPs in blocks 1 and 2 of experiment 2, when subjects were involved in a primary identiﬁcation task (passive viewing). The
amplitude of negative and positive VEP components is increased and decreased in correlation with what was elicited by the uniform texture. (b) Parallel and orthogonal D-
waves in blocks 1 and 2 of the same experiment, obtained by subtracting uniform VEPs from segmented VEPs. These differences result in D-waves with a negative peak at
150 ms that have larger amplitude in the parallel condition. In block 2, the amplitude of P100 in the orthogonal condition is increased, and the amplitude of N150 in the
parallel condition is reduced. The signiﬁcant differences are highlighted by thicker line segments.
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ence did (Casco et al., 2004), passive experience reduces the ampli-
tude of the segmentation component associated with the
congruent boundary–surface orientation (i.e., the parallel).
The ANOVA on P300 peak did not reveal any signiﬁcant effect.
The difference between latencies of D-waves was insigniﬁcant.
To summarize, results conﬁrm that passive experience produces
a segmentation component (Lamme, Van Dijk, & Spekreijse, 1992;
Lamme, Zipser, & Spekreijse, 1998; Casco et al., 2005). The new
result is that short passive experience produces anelectrophysiological correlate of the boundary–surface orientation
congruency, whereas short active experience does not. Indeed only
in the passive experience the parallel/uniform difference is larger
than the orthogonal/uniform difference for the N150, a component
reﬂecting texture segmentation. Moreover, in block 2, as a conse-
quence of long passive experience, this electrophysiological corre-
late of the most salient bar disappears. Similarly, the long
experience selectively reduces the orthogonal/uniform difference
of the P100, as reﬂected in the increase of the D-wave amplitude
associated with the orthogonal bar in block 2.
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iency of the segmented bars: that of orthogonal bar, after a short
delay from the stimulus onset, and, that of parallel bar, at a longer
delay from the stimulus onset.
3.3. Experiment 3: control experiment
Comparing these results with our previous ﬁndings (Casco
et al., 2004), it appears that the electrophysiological correlates
of experience are really due to passive experience and do notFig. 4. (a) Parallel, orthogonal, and uniform VEPs in blocks 1 and 2 of experiment 3, whe
orientation in block 1 (active viewing) and in a primary identiﬁcation task in block 2 (pa
and decreased in correlation with what was elicited by uniform texture. (b) Parallel and
segmented VEPs. The differences result in a D-wave peaking at 150 ms that is unaffecteresult from general (both passive and active) experience. The
following control experiment is aimed at conﬁrming this
result.
Average VEPs and D-waves obtained in block 1 (early active
experience, top) and in block 2 (passive experience, bottom) are
shown in Fig. 4a and b. VEPs in the parallel and orthogonal condi-
tion differed from those elicited by the uniform bar with a reduced
amplitude of two positive components peaking around 110 and
260 ms and a larger amplitude of the negative segmentation
component peaking around 160 ms.re the subjects were directly involved in the discrimination of the texture boundary
ssive viewing). The amplitude of negative and positive VEP components is increased
orthogonal D-waves in blocks 1 and 2, obtained by subtracting uniform VEPs from
d by either the conﬁguration or the length of experience.
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peaks of D-waves (see Fig. 4b) with a mean latency of 82 (P100) did
show a signiﬁcant effect of the Electrode [F(2,14) = 8.02, p = .004] but
no signiﬁcant effect of Conﬁguration [F(1,7) = 1.97, p = .2], Experi-
ence [F(1,7) = 0.11, p = .74] or interactions Conﬁguration  Experi-
ence [F(1,7) = 0.9, p = .37] and Conﬁguration  Experience 
Electrode [F(2,14) = 1.46, p = .26].
The ANOVA on P300 peak did not reveal any signiﬁcant effect.
The difference between latencies of D-waves was insigniﬁcant.
The present results on VEP amplitudes replicate our previous
results (Casco et al., 2004), showing no signiﬁcant congruency effect
in block 1 of active viewing (p = .18). Most importantly, block 2 of
passive viewing does not leads to a suppression of information
irrelevant to the task as active viewing did (Casco et al., 2004),
although in both viewing conditions a block 1 of active viewing
occurred.4. Discussion
The ﬁrst result is that there is a segmentation component in
VEPs, elicited by a segmented texture passively viewed, that is ab-
sent in that of the uniform texture. Results also demonstrate that
boundary–surface relations in the perception of texture images,
as expressed by VEPs, correlate with the congruency of local sur-
face and global boundary orientation and are coded in passive
viewing. Furthermore, the absence of this conﬁgurational effect
in the psychophysical data indicates that it occurs independently
of observers’ awareness. Finally, electrophysiological correlates of
boundary–surface relations occur only after short passive experi-
ence. They are suppressed by a prolonged passive viewing.
Other studies found a segmentation component in VEPs elicited
by a segmented texture passively viewed (Appelbaum & Norcia,
2009; Bach &Meigen, 1992, 1997, 1999; Fahle et al., 2003; Heinrich,
Andres, & Bach, 2007; Lamme, Van Dijk, & Spekreijse, 1992; Scholte
et al., 2006; Schubö, Meinecke, & Schröger, 2001). Lamme, Van Dijk,
and Spekreijse (1992) showed a segmentation component, both in
humans and monkeys, whose amplitude depended on the spatial
extent of the textures and that could be localized in the primary vi-
sual cortex. Recent imaging studies in humans have conﬁrmed the
involvement of V1 (Scholte et al., 2006, 2008). Others have not
(Kastner, De Weerd, & Ungerleider, 2000; Schira et al., 2004).
The new result of our study is that when observers passively
view the bar for a short time, VEPs show a correlate of bound-
ary–surface orientation congruency. This consists of a larger ampli-
tude of the segmentation component associated with the more
salient parallel bar, indicating that the processing of the surface af-
fects the segmentation of texture boundaries.
The question of whether there is a correlation between the re-
sponse to ﬁgure boundaries and surface has long been debated.
Most studies, however, have concentrated on the distinction be-
tween the cortical processing leading to texture boundaries seg-
mentation and those leading to ﬁgure ground segmentation
(Appelbaum & Norcia, 2009; Fahrenfort, Scholte, & Lamme, 2007;
Heinen, Jolij, & Lamme, 2005; Lamme, Rodriguez-Rodriguez, & Spe-
kreijse, 1999; Lamme, Zipser, & Spekreijse, 1998; Nothdurft, 1992;
Roelfsema et al., 2002; Scholte et al., 2008; Straube, Grimsen, &
Fahle, 2010). The general conclusion of these studies is that ﬁgure
and background relationships cannot be perceived before the tex-
ture boundary is segmented. The data suggest that whereas seg-
mentation may be initiated from the detection of boundaries,
these boundaries are made visible (perceivable) following the ﬁll-
ing in of the surface between these boundaries.
In the present study, we asked a different question: whether the
processing of texture boundaries is affected by the processing of
texture surface. We asked whether and how the visual responseto the discontinuities of features that deﬁne the boundary is mod-
ulated by perceptual context. This modulation is demonstrated by
the ﬁndings of a VEP correlate of boundary–surface orientation
congruency. In addition, we showed that the response to bound-
ary–surface relations occurs in passive viewing. This demonstrates
that not only local orientation discontinuities but also boundary–
surface relations are available to the visual system during passive
viewing.
We may speculate on the cortical processing underlying the
boundary–surface orientation congruency effect. Many studies
agree that for aﬁgure to be perceivedas segmented from the ground,
feedforward processing does not sufﬁce, and recurrent processing
from higher visual areas is necessary (Appelbaum & Norcia, 2009;
Fahrenfort, Scholte, & Lamme, 2007, 2008; Heinen, Jolij, & Lamme,
2005; Lamme & Roelfsema, 2000; Lamme, Zipser, & Spekreijse,
1998, 2002; Roelfsema, 2006; Scholte et al., 2008). Human studies
reveal that the saliency of a texture ﬁgure segregated from the
ground is associated with a late neural response (Straube, Grimsen,
& Fahle, 2010) requiring attention (Heinrich, Andres, & Bach, 2007).
As our stimuli are not masked, recurrent processes from higher
visual areas cannot be excluded and, consequently, it cannot be ex-
cluded that recurrent processing is required for boundary–surface
congruency modulation to occur with our stimuli. However, recur-
rent processing from higher visual areas should make boundary–
surface relations visible (perceivable). This is important, because
the ‘‘inattentional blindness’’ paradigm alone does not assure that
subjects are not aware of the unattended stimuli (Lamme, 2003). In-
stead, our psychophysical data show that observers were not aware
of the orientation of the texture ﬁgure viewed passively, nor were
they aware of the boundary–surface relationships. This conﬁrms
the suggestion that visual processing may occur in passive viewing
without subjects being aware of the processed stimulus (Lamme,
2003). As we found a response to boundary–surface orientation
congruency in passive viewing and with subjects being unaware,
we suggest that recurrent processing from higher visual areas is
not responsible for the boundary–surface orientation congruency
that we found. The alternative possibility is that the horizontal
connections within V1 modulate the effect. Physiological data
suggest that the within-area recurrent process may be responsible
for this effect. Roelfsema (2006) distinguished between two types
of recurrent effects: those mediated by horizontal connections
within area V1 and those mediated by feedback from higher visual
areas. Within-area contextual inﬂuences may have an important
role in texture segmentation (Caelli, 1985; Giora & Casco, 2007).
The other new ﬁnding is that the response to boundary–surface
congruency is speciﬁc for the short experience with the bar pas-
sively viewed. Indeed, both our present (control experiment) and
previous (Casco et al., 2004) results show that active experience
had to be long before this effect appeared. Moreover, our present
result reveals that long passive experience modulates the ampli-
tude of two components in a way that depends on the conﬁgura-
tion. It reduces the orthogonal-uniform difference, at the level of
P100, suggesting an early adaptation process that is stronger for
the less salient bar. Note that with long active experience, we ob-
tained a similar modulation of the response to the orthogonal bar,
but on the later negative segmentation component, we interpreted
this as a decrease in the response to local noncongruent orienta-
tion. Most importantly, the present data show that long passive
experience reduces the amplitude of the segmentation component
(N150) for the parallel bar, suggesting an adaptation to the re-
sponse to the more salient ﬁgure when it is irrelevant to the task
(Ofen, Moran, & Sagi, 2007).
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